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ABSTRACT 
The Aerospace Guidance and Metrology Center was co 
1959 t o  be t h e  US A i r  Force I n e r t i a l  Navigation and Metrol- 
ogy Center. 
of  t h e  I n e r t i a l  Navigation Maintenance Center and t h e  Air 
Force Measurement and Standards Laboratory. Highlighted 
w i l l  be t h e  p rec i se  time and frequency program developed by 
AGMC t o  suppor t  Air f o r c e  p rec i se  time and frequency 
requirements worldwide. 
and f u t u r e  p rec i se  time and frequency activities w i l l  be 
presented. 
i n  
Th i s  paper w i l l  show t h e  mission c a p a b i l i t i e s  
A desc r ip t ion  o f  the p a s t ,  present ,  
T h i s  paper is no t  intended as a t echn ica l  presenta t ion ,  bu t  as a d iscuss ion  
of t h e  US Air Force c a p a b i l i t i e s  a t  Newark AFS. 
Newark AFS is located i n  Newark, Ohio, not Newark, New Jersey, as is o f t e n  
thought. 
It 's important t o  note  t h a t  
A s  you can t e l l  from t h e  name Aerospace Guidance and Metrology Center 
(AGMC), t h e  mission a t  Newark AFS is twofold. One is t h e  I n e r t i a l  Guidance 
or  I n e r t i a l  Navigation mission and t h e  o the r  is t h e  Air Force Metrology 
Center. 
F i r s t ,  we w i l l  b r i e f ly  t e l l  you a l i t t l e  about what is referred t o  as t h e  
i n e r t i a l  navigat ion s ide  of t h e  house. Most of t h e  2600 or  so people who 
work a t  AGMC are involved wi th  t h e  d iagnos t ic  t e s t i n g ,  overhaul,  r e p a i r ,  and 
checkout of  i n e r t i a l  guidance systems f o r  missiles and i n e r t i a l  navigat ion 
u n i t s  for  aircraft. T h i s  is a highly spec ia l i zed  career f i e l d  and one of 
t h e  reasons t h a t  Newark Air Force S t a t i o n  is unique. 
The Missile I n e r t i a l  Guidance System workload i n  the p a s t  included t h e  Atlas 
and Ti tan ,  along wi th  t h e  c u r r e n t  Minuteman System. Aircraft I n e r t i a l  Navi- 
ga t ion  Systems serviced a t  AGMC include t h e  A-7, F-4, F-111, and t h e  C-5A. 
The other unique mission a t  Newark Air Force S t a t i o n  is t h e  Air Force 
Metrology Center. A s  you probably know, metrology is t h e  sc ience  o f  meas- 
urement and i n  genera l ,  we are t a l k i n g  about ca l ib ra t ion .  
personnel assigned t o  the Metrology Direc tora te  a t  AGMC is only about 220. 
However, a l o t  of r e s p o n s i b i l i t y  is involved. 
Standards Laboratory is loca ted  a t  AGMC wi th  direct traceability t o  NBS and 
the  USNO. The underground laboratory complex c o n s i s t s  of four  f l o o r s  
The number o f  
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descending i n  a t i e r  with the lowest 
Crete walls enclosing the labor 
feet a t  bottom level, The f loo 
large mass o f  co 
damping necessar 
ments, The standards a t  AGMC a 
dards i n  precision measurement equipment laboratories (PMELs) 1 
throughout the world. Major measurement areas a t  AGMC include 
perature , pressure, vibration, 
optics, DC, low frequency RF, m 
and frequency . 
This brings us t o  the major port ion o f  t h i s  paper, the Precise Time and Fre- 
quency Program a t  AGMC. I n  the 1960s, most PMELs had frequency cal ibrat ion 
requirements; f o r  example, osci l lators i n  frequency counters, but very few, 
i f  any, precise time requirements. Several A i r  Force a c t i v i t  
requirements, such as the Baker Nunn sites, Sa te l l i t e  Control Fac i l i t y  
sites, and one or two classi f ied precise time users. Rather than having 
precise t ime available i n  the PMELs, t ime was supplied t o  A i r  Force act iv i -  
t i e s  worldwide d i rec t l y  from AGMC u t i l i z i n g  two person clock teams. I n  the 
beginning, c i v i l i a n s  were ut i l ized,  but today trained m i l i t a ry  personnel 
perform most portable clock timing requirements. A two week precise time- 
keeping school has been established by the United States A i r  Force A i r  
Training Command, Lowry AFB, Colorado. A l l  m i l i t a ry  and c i v i l i a n  personnel 
must attend t h i s  t ra in ing p r io r  t o  assuming timekeeping duties. 
Our Precise Time and Time In terva l  (PTTI) program has been quite successful 
using the Hewlett-Packard E21-5061A Flying Clock, the Frequency Time Systems 
4010 Light Weight Clock, and the Austron 1210 Crystal Clock. As more pre- 
cise t ime requirements evolved, the expense o f  portable clock t r i p s  became 
prohibit ive. 
Alternate methods o f  providing precise time had t o  be developed. One method 
being applied i s  self-sufficiency where the user buys equipment and takes 
care o f  h i s  own timing requirements. Examples o f  t h i s  would be TV Line-10, 
Loran-C, and various s a t e l l i t e  timing receivers. Another method being u t i l -  
ized i s  t o  establish additional sources o f  precise t ime i n  certain geograph- 
i c a l  areas. Examples o f  t h i sa re the  timing centers f o r  the Eastern and 
Western Test Ranges, the Precise Time Reference Station a t  Elmendorf, 
Alaska, and the Precise Time and Frequency Consoles (PTFC) placed i n  certain 
PMELs. The PTFC provides an inexpensive timekeeping system that allows a 
trained technician t o  maintain and provide t ime service t o  selected AF 
users. Currently 26 PTFC systems are located strategical ly throughout the 
A i r  Force Is approximately 129 Precision Measurement Equipment Laboratories. 
Most A i r  Force precise t ime  users require 100 microsecond timing accuracy. 
As a result, very few f i e l d  s i t es  are supported d i rect ly  from AGMC today. 
Looking toward the future , we envision more self-sufficiency and more u t i l i -  
zation o f  s a t e l l i t e  timing methods. 
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Well, as you have probably noticed, not much has been said abou 
n the 1960s, each A i r  
t o r m  This scheme wor 
t o  (minimum s h i f t  keying) MSKm A few MSK conve 
purchased and sent t o  labs who were t o t a l l y  dependent on those VLF stations; 
however, a l o t  o f  locations s t i l l  seemed t o  have reception problems and i t  
became d i f f i c u l t  t o  determine i f  i t  was personnel problems or  equipment 
problems fo r  two reasons: 
a. The decline o f  expertise o f  PMEL technicians. 
b. The VLF receivers were gett ing very old, unreliable, and d i f f i c u l t  
t o  keep i n  repair. 
Currently we are i n  the process o f  replacing the o ld  VLF frequency compara- 
t o r  receivers with the new automatic Loran4 frequency monitors. 
We have addressed the AGMC support o f  A i r  Force precise time and frequency 
requirements and have only one f i n a l  aspect t o  cover. Just a few years 
back, i t  was determined that the cost o f  maintaining A i r  Force atomic stan- 
dards was quite high. A f e a s i b i l i t y  comparison study was conducted and the 
decision was made t o  establish a Technology Repair Center (TRC) within the 
Maintenance Directorate. The TRC i s  responsible for repair and cal ibrat ion 
o f  atomic standards. A large bench stock o f  components, cesium and rubidium 
tubes, and trained electronic technicians allow our TRC t o  provide qual i ty 
repair and cal ibrat ion service with a quick turnaround t o  a l l  customers. 
Presently we provide repair service by Memorandum o f  Agreement (MOA) t o  
Baker-Nunn, Sa te l l i t e  Control and Communication f a c i l i t i e s ,  and other DOD 
agencies. Any DOD agency wishing t o  use our services should contact the 
appropriate AGMC of f ice.  
I n  summary, AGMC has a dynamic viable Precise Time and Frequency program 
that can provide repair service and portable clock timing t o  approved cus- 
tomers. We provide 0.5 microseconds t ime transfers a t  AGMC, 1 microsecond 
f o r  t r i p s  less than 5 days, and a t  a l l  other times, 2 microseconds. We 
encourage consultation with AGMC on any time/frequency requirement that you 
may have. 
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